We present an economic impacts model based on direct expenditures for European cycle routes, originally designed in 2009 as part of a study commissioned by the European Parliament. At its request, the study was updated in 2012, including a refined version of our model which takes some limitations of the former model into account. Our main findings are that cycle tourists' daily spending is comparable to that of other tourists, and that cycle tourism can contribute significantly in particular to rural economies that have not previously enjoyed mainstream tourism development. (European) cycle tourism thus proves to be useful as an (additional) tool for regional rural development. We arrived at a total estimated direct expenditures in Europe of almost €44 billion (€35 billion from day trips and €8.94 billion from overnight trips). We applied the model to the routes of EuroVelo, the European cycle route network which is currently being developed, showing their considerable economic potential of over €7 billion in direct expenditures. Furthermore, cycle tourism has a far lower negative impact on the environment (in terms of carbon dioxide emissions) than other forms of tourism. Cycle tourism is therefore a good example of a low carbon tourism product which could be developed as a major slow travel opportunity across (rural) Europe.
Introduction
In 2009, we co-authored a research report on European cycle tourism for the European Parliament (Lumsdon et al. 2009) , the findings of which were summarised and updated in Eijgelaar et al. 2011a and 2011b . At the request of the European Parliament we updated the report in 2012 (Weston et al. 2012) . Among others, both reports provided estimations as to the volume and (monetary) value of the cycle tourism market across Europe and sought to evaluate the potential for further development.
The economic significance of several existing European cycle routes was estimated using a newly developed (Lumsdon et al. 2009 ) and further refined (Weston et al. 2012 ) Cycle Route Demand Forecast Model (CRDFM). We also looked at the potential economic benefits of envisaged European cycle route networks. This paper starts by summarising the most important updated findings with regard to the European cycle tourism market. The refined model is then presented, including suggestions for further improvements. The Eurovelo European cycle route network is used as case study. The sustainability of cycle tourism is then briefly touched upon before the conclusion, in which the usefulness of (European) cycle tourism as a tool for regional rural development is assessed.
Materials and methods

European cycle tourism market: Number of cycle holidays and day trips
Both EP studies distinguish between cycle holidays and cycle day trips. In the absence of data on the demand for cycle tourism across countries, we reviewed reports from countries where studies have been undertaken. An analysis of this material provides an overview of the demand for cycle tourism across Europe. This generalised approach is possible because cycle tourists have very similar characteristics across most countries. However, we did apply differences which affect the propensity to cycle in everyday life and to choose cycling as part of a holiday.
Within the context of the overall outbound market, cycle tourism remains small-scale in Europe, the focus lying with domestic markets. The marginal growth of cycle tourism, both in terms of provision and market demand, is uneven across Europe. In countries such as Austria and France cycle tourism is still growing, while in other countries, such as Denmark, Germany, Switzerland and The Netherlands it may have reached saturation. Lumsdon et al. (2009) and Weston et al. 2012 did not present a forecast of the demand for European cycle tourism based on data which is readily available in every country, but rather a less accurate estimate based on incomplete and scattered data. Our model uses fractions of existing tourism flows within Europe (EU27 plus Norway and Switzerland). Tourism departure data has been related to population size per country (Eurostat 2008 ) assuming a certain number of trips per capita for every country, as well as to adapted domestic and international tourism flows taken from earlier work by Peeters et al. (2004) .
In the 2009 EP study (Lumsdon et al. 2009) , it was estimated that there were 2.795 billion cycle tourism trips in Europe per annum. One of the key points of criticism of these estimates was that they sometimes differed considerably from the figures in national studies (Krieger and Baum 2011) . For the 2012 update, the method and estimates for European cycle tourism have been revised.
As with the 2009 study, countries were divided into three bands of high, medium and low demand. In order to overcome some of the perceived deficiencies of the 2009 estimates, two changes have been made. Firstly, three new bands were added to the levels of demand, giving six in total, ranging from low to very high. This increases the sensitivity to national variations in demand. The second improvement was to link the banding of countries to the general use of bicycles as a mode of transport for each country (The Gallup Organisation 2011), rather than being based solely on expert opinion (Lumsdon et al 2009) . The results are shown in Table 1 .
Factors were generated from collected cycle tourism data and allocated to each of these bands. These were then applied to overall tourism demand to generate an estimated demand for cycle tourism in each country. This resulted in 2.295 billion cycle tourism trips (2.274 billion day trips and 20.36 million overnight trips) per annum in Europe (EU27 plus Norway and Switzerland).
European cycle tourism market: Direct expenditures
One important aspect of cycle route development is the way in which direct spending in local economies can generate businesses and create and/or maintain jobs. This is particularly important in mostly rural areas which are not tourist 'honey pot' sites and would not be able to attract visitor spending otherwise.
We needed data on average individual tourist expenditures to estimate the economic impacts of cycle tourism. Since almost all the available research is based on tourist questionnaires we needed to limit our calculations to direct tourist expenditures. Additional indirect and induced effects are not taken into account.
The Swiss Veloland cycle network has been monitored extensively from the projects' inception, and its use has been high since its early stages of development. The total number of cyclists per annum was 3.4 million in 1999 and rose to 5 million in 2009 (Utiger and Richardson 2000; Utiger and Rikus 2010) . After a temporary decline to 4.4 million in 2010, the total volume returned to 5 million in 2011 (Utiger and Rikus 2012) . Total expenditures in 2011 were estimated at €118 million. On average, overnight holiday cyclists (staying more than 2 nights) spend €71 per day, of which €28 is on accommodation, and €25 on food and beverage Utiger and Ickert 2005) .
A review of the available data on levels of expenditure across a number of other regional and national studies in Europe further illustrates this difference between cycle tourists and day cycle excursionists. We used those studies providing cyclist volumes, average length of stay and daily spending to calculate a trip-excursion weighted average. It should be stressed that these studies are, to a large extent, incomparable due to the different methods and samples used. Nevertheless, the similarities of nearly all overnight (between €50 and €70 per day) and day excursion spending figures (between €10 and €20) are evident. Evidence from one cycle route (Elbe SaxonyAnhalt) points towards a relatively constant daily spending level over the years Peters 2012) . Table 2 gives a detailed look at the resulting average direct expenditures per type and activity. 
The Cycle Route Demand Forecast Model (CRDFM)
For the 2009 EP report by Lumsdon et al. (2009) , the Cycle Route Demand Forecast Model (CRDFM) was designed to generate estimates per year of the number of cycle holiday trips, day trips and direct expenditures of these visits on a particular cycle route, per region and in total. It is geographically based and the input required is the code of each NUTS 3 region 1 the cycle route passes through and the distance of the route within these regions.
From the publicly available data sources on cycle tourism in Europe as discussed and analysed in Lumsdon et al. These relations turned out to be the most significant from a multitude of variables such as GDP/km 2 , population/km 2 , daily modal split, nights/km 2 and beds/route-km. For holidays, the number of trips per route kilometre per year is 30.91 times the number of beds (all accommodation types) per square kilometre of the NUTS 3 region through which the route passes or within which the network is situated.
For day excursions, the number of trips per kilometre per year is 24.9 times the number of people per square kilometre of the NUTS 3 region multiplied by the (national) share of the population that uses cycling as their main mode of transport in the area through which the route runs or within which the network lies at the NUTS 3 level.
Despite the refinements there are still several limitations. It has higher relevance for rural areas and for those Western European countries that provided input for the model (particularly Germany, Switzerland, Austria, and the Nether lands). It can be assumed that the average direct cycle expenditures in (most of) the Central and Eastern European countries will be (much) lower due to (much) lower costs and consumer prices for accommodation, F&B, and so on. Møller Munch (2009) showed that daily spending by cycle tourists can also vary per country of origin. The availability and density of various products for cycle tourists in a region (gastronomy, local products, shopping, and so on) also determine the amounts they (can/will) spend to a large extent (Mercat 2009; Quack and Hallerbach 2012) . The use of direct expenditures fails to take into account indirect and induced economic effects and ignores expenditures leaking out of the local/regional economy. In reality, trip numbers do not suddenly change drastically at district borders. Therefore, the overall figures are likely to be more realistic than those at the NUTS 3 level. To conclude, the model also fails to differentiate between target markets and neglects the influence of marketing.
Results and Discussion
Case Study: EuroVelo network
The EuroVelo Trans-European Network comprises of fourteen long distance cycle routes covering a distance of 70,000 km, of which approximately 45,000 km are in existence at the moment (ECF 2013). A completed EuroVelo network could potentially result in over €7 billion of direct expenditures: 14.5 million holidaymakers (111.65 million holiday cycle days) with total direct expenditures of €6.38 billion and 45.54 million day trips with €0.70 billion of direct expenditures.
As EuroVelo makes use of existing routes, this value only represents the direct expenditures, not the net additional economic impacts of the EuroVelo concept itself. These depend on the way the concept impacts on development in relation to missing stretches and by adding marketing value. There is also the consideration of the multiplier effect in each locality, bringing additional indirect and induced expenditure especially in places where local supply chains and local businesses are well developed and properly interlinked.
It should be stressed once again that the projections given by the model are for 'good to ideal' circumstances with an adequate and regular supply of facilities such as cafés, restaurants, shops, and so on. If these are absent or intermittent, the average spending figures used cannot be reached. Two studies in France (Bourgogne Tourisme 2010 and Mercat 2009 ) for example noted that a large percentage of day excursionists spent hardly anything (the average daily direct expenditures for all day excursionists were €0.24 and €1.00 respectively). The share of those not spending was much higher than reported for Germany and Switzerland, apparently due to a low supply of 'spending facilities' (Bourgogne Tourisme 2010).
Sustainability
Particularly for the tourism sector, a broader sustainabilityoriented context is relevant, as this is one sector where CO 2 emissions have been and are expected to rise steadily (Scott et al. 2010) . Emissions are largely produced during origindestination transport and mostly caused by cars and aircraft. Overnight cycle tourists use the train far more often and the car and plane much less often than average tourists do. Also, their average return distances are shorter, resulting in considerably fewer emissions. Accommodation emissions are also lower as they stay less in hotels, this being the accommodation type with the highest emissions per guest night. German cycle tourists, for example, produce 66% fewer holiday emissions per trip than the average German holidaymaker (Lumsdon et al. 2009 ). The carbon footprint (CO 2 emissions) of domestic cycle holidays in the Netherlands is 35% smaller than average, which is considerable in regard to the short transport distances for both cyclists and average tourists (de Bruijn et al. 2011) . As a result of these low emissions and average daily spending, the eco-efficiency (a measure for comparing expenditures with CO 2 emissions) of cycle tourism is nearly always higher than for holidays made by cars or by aircraft.
Conclusions: European cycle tourism, a tool for sustainable regional rural development
For local and regional tourist boards and other planners of new cycle routes, we presented a model to allow estimates of demand and direct expenditures generated by (European) cycle routes. The model has been calibrated mainly on Western European cycle routes because of a lack of studies into other cycle tourism areas.
There are still a number of barriers to the development of sustainable European cycle tourism. Carrying a bicycle by rail is relatively inexpensive, but not always possible and in most cases not easy. Carrying a bicycle on an aeroplane is always possible, requires some mechanical changes and a cover, but is relatively expensive compared to rail. The solution here might be that rail increases the price of carriage and invests these extra revenues in making it more convenient to travel with a bicycle. Another barrier is the lack of quality of long distance routes and networks in many, mainly non-Western European, countries. Thirdly, in general terms, tour operators and other tourism providers show low involvement in the development of cycle tourism.
The evidence assessed in the EP studies and this paper indicates that cycle tourists bring major (additional) benefits to localities which do not currently enjoy mainstream tourism development. These results convinced the EP of the (monetary) value of cycle tourism. At the end of December 2012, the EP decided to incorporate cycling, tourism and the EuroVelo infrastructure into the approved TEN-T network with the future possibility of (additional) EU funding (ECF 2012) . The development of routes is relatively low cost, re-using disused assets such as canal towpaths, old railway tracks, or shared road space on (high)ways where traffic levels are generally low. Finally, it has the advantage of being a sustainable, lowcarbon form of tourism which could be developed as a major slow travel opportunity across (rural) Europe.
